I
NCREASED CARBOHYDRATE CON- sumption has been associated with lower high-density lipoprotein cholesterol (HDL-C) levels, higher triglyceride levels, and higher lowdensity lipoprotein cholesterol (LDL-C) levels 1 -a lipid profile associated with cardiovascular disease risk. 2 In the United States, total consumption of sugar has increased substantially in recent decades, largely owing to an increased intake of "added sugars," 3 defined as caloric sweeteners used by the food industry and consumers as ingredients in processed or prepared foods 4 to increase the desirability of these foods. 5 Dietary data from 1994-1996 demonstrate that US individuals aged 2 years or older consume nearly 16% of their daily energy as added sugars. 3 Today, the most commonly consumed added sugars are refined beet or cane sugar (sucrose) and highfructose corn syrup. 6 While chemically there appears to be little difference between naturally occurring sugars and those added to foods, in 2000 the US Dietary Guidelines began to use the term added sugars to help consumers identify foods that provide energy but few micronutrients or phytochemicals. 7 Consumption of foods high in added sugars has been associated with increased obesity, 8 diabetes, 9 and dental caries 10 and with decreased diet quality. 11 Dietary guidelines for added sugars vary widely. The Institute of Medicine suggests a limit of 25% of total energy, 12 the World Health Organization advises less than 10% of total energy, 13 and recent recommendations from the American Heart Association advise limiting added sugars to fewer than 100 calories daily for women and 150 calories daily for men (approximately 5% of total energy). 14 Although consumption of added sugars represents an important and potentially modifiable component of the diet, no known studies have examined the correlation between consumption of added sugars and lipid measures. The purpose of this study was to assess this association among US adults.
METHODS

Participants
Study participants included US adults older than 18 years who participated in the National Health and Nutrition Examination Survey (NHANES) [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] . NHANES is a continuous survey of the US civilian, noninstitutionalized population designed to obtain nationally representative estimates on diet and health indicators. 15 The sample for NHANES is selected using a complex, multistage sampling design. Study protocols for NHANES 1999-2006 were approved by the institutional review board at the National Center for Health Statistics. 16 Signed informed consent was obtained from all participants.
A total of 8495 adults older than 18 years provided fasting blood samples for NHANES 1999-2006. Excluded were pregnant respondents (n = 495); respondents reporting an unreliable or implausible dietary intake (Ͻ600 or Ͼ4000 kcal/d) (n = 403); those with extreme triglyceride levels (Ͼ400 mg/dL [to convert to mmol/L, multiply by 0.0113]) (n=206) or extreme body mass index (BMI [Ͼ65, calculated as weight in kilograms divided by height in meters squared]) (n = 1); and those taking cholesterol-lowering medications (n = 887). Because insulin resistance is known to alter lipid metabolism and persons known to have diabetes are likely to change their dietary practices, those with diagnosed diabetes (n = 390) were also excluded. After these exclusions, the total sample for this study included 6113 adults (3088 women, 3025 men).
Added Sugars and Other Dietary Intake
An interviewer-assisted 24-hour dietary recall (midnight to midnight of the previous day) was used to assess dietary intake from all respondents. Because associations between nutrient intake assessed using a single 24-hour recall and health outcomes can be attenuated owing to the inability to account for day-to-day variations in intake, 17 we repeated our analysis among a subsample of respondents from whom 2 dietary recalls were collected (respondents participating in NHANES [2003] [2004] [2005] [2006] .
Nutrient content of the foods consumed was determined by NHANES using the Food and Nutrient Database for Dietary Studies, which uses food composition data from the US Department of Agriculture National Nutrient Database for Standard Reference.
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Because that database does not include information on the added sugar content of many foods, individual food files from NHANES were merged with the most recently released MyPyramid Equivalents Database files (1999-2000, 2001-2002, and 2003-2004 ). 19 The MyPyramid Equivalents Database translates the amounts of foods eaten in the dietary intake component of the NHANES into the number of equivalents of the MyPyramid food groups using recommended serving sizes from the US Department of Agriculture Food Guide Pyramid. Added sugars are one of the 30 food groups and subgroups used in the pyramid. A description of the MyPyramid database 20 and the methods used to calculate the sugar content of foods are available elsewhere. 21 Because MyPyramid serving size equivalents have been released only for the foods reported in NHANES through the 2003-2004 cycle, we used the available data to estimate the added sugar content of foods consumed by participants in NHANES 2005 NHANES -2006 
Lipid Measures
Dyslipidemia is commonly characteri z e d b y 3 l i p i d a b n o r m a l i t i e s : elevated triglyceride levels, elevated levels of small LDL-C particles, and reduced HDL-C levels. 2 We used the cutoffs for plasma lipids as established by the Adult Treatment Panel III guidelines published by the National Institutes of Health.
2 These include low HDL-C level (Ͻ40 mg/dL for men; Ͻ50 mg/dL for women [to convert to millimoles per liter, multiply by 0.0259]), high LDL-C level (Ն130 mg/dL [to convert to millimoles per liter, multiply by 0.0259]), or high triglyceride level (Ն150 mg/dL). In addition, the ratio of triglycerides to HDL-C was used a s a m e a s u r e o f d y s l i p i d e m i a , because a ratio greater than 3.8 has been shown to correlate well with the LDL-C phenotype (type B) associated with the small LDL-C particles most strongly linked with risk of cardiovascular disease. 22 Standardized laboratory procedures used to obtain serum or plasma HDL-C and triglyceride measures have been described elsewhere. 23 Levels of LDL-C were calculated by NHANES using the Friedewald formula:
[
Covariates
Intake of added sugars was examined in relation to known risk factors for cardiovascular disease. 24 Variables that have been demonstrated to be associated with intake of carbohydrates as well as lipid outcome measures were included in regression models to evaluate and, as necessary, control for possible confounding. These include measures obtained by NHANES staff using standardized protocols, including BMI, waist circumference, and blood pressure. Self-reported measures included participant's age, sex, leisure-time physical activity over the previous month, cigarette use, alcohol consumption, history of attempted weight loss in the previous year, weight change (calculated as the difference between reported current weight in pounds and reported weight 1 year previous), and use of antihypertensive medication. Because intake of added sugars 25 and blood lipid response to diet 26 have both been shown to vary by race/ethnicity, self-identified race/ ethnicity 15 was included as a covariate. Dietary covariates included the energy-adjusted nutrient residuals for fiber, other carbohydrates (other than added sugars and fiber), saturated fatty acids, polyunsaturated fatty acids, monounsaturated fatty acids, and cholesterol. These nutrient residuals were calculated using linear regression models with total calorie intake as the predictor and the absolute intake of each nutrient of interest (in grams) as the outcome.
Data Analysis
Statistical Analysis Software version 9.2 (SAS Institute Inc, Cary, North Carolina) was used for all analyses. Procedures that account for the complex sampling methods used in NHANES were applied. Sample weights for the 6 years of data were calculated using the formula [ 27 and these weights were used to ensure results were representative of the US population. Respondents were grouped according to their consumption of added sugars (Ͻ5% [reference group], 5%-Ͻ10%, 10%-Ͻ17.5%, 17.5%-Ͻ25%, and Ն25% of total energy intake). These groupings incorporate the limits for added sugars specified in existing dietary guidelines. All P values were 2-sided; PϽ .05 was considered statistically significant.
To determine the amount of added sugars consumed, we multiplied the total amount of each food consumed in grams (as provided in the NHANES database) by the amount of added sugars in each of these foods (teaspoons/ 100 g) (as provided in the MyPyramid database). The results for all foods were summed to obtain the total intake of added sugars for each respondent in teaspoons. These intakes were converted to grams by multiplying by 4.2 g/tsp. 28 The result in grams was multiplied by 4 to obtain the total calories from added sugars. The result was then divided by total energy intake (kilocalories per day) to obtain the percent of total energy from added sugars.
Weighted frequencies, means, and confidence intervals (CIs) were calculated to describe the sample population by added sugar consumption level. The distribution of triglyceride levels was skewed; therefore, values were log transformed and geometric means are presented. Because differences in the postprandial lipoprotein response have been shown between men and women, 29, 30 we first tested for the presence of an interaction (P Ͻ 1.0) by including a multiplicative term between percent total energy from added sugars and sex in each of the linear regression models. Estimate statements in linear regression models, with intake of added sugars (categorized by consumption level) as the predictor, were used to determine the adjusted mean of each of the lipid measures with increased consumption of added sugars. Logistic regression models were used to estimate the adjusted odds of dyslipidemia among respondents who consumed higher levels of added sugars compared with the reference group (those consuming Ͻ5% energy from added sugars). The presence of a linear trend was tested by defining a linear contrast in each of the linear and logistic regression models.
A sensitivity analysis was performed using dietary data from a second 24-hour recall collected from a 40% subsample of the respondents (those participating in NHANES 2003-2004 and NHANES [2005] [2006] ) (n=2506). In this analysis, we used the mean intake of added sugars from the 2 dietary recalls (% total energy from added sugars) and controlled for the same dietary covariates (using the mean of the 2 dietary recalls for each) and other covariates as specified in the primary analyses.
RESULTS
A description of the study sample by intake of added sugars is provided in TABLE 1. As intakes of added sugars increase, respondents are more likely to be younger, non-Hispanic black, and have low income. Intake of added sugars was correlated positively with the number of cigarettes smoked and negatively with being hypertensive. Selfreported weight change over the previous year tended to be greater among respondents consuming more added sugars: a mean gain of 2.8 pounds was observed among those with 25% or greater total energy from added sugars compared with a mean loss of 0.3 pounds among those consuming less than 5% total energy from added sugars Total energy and percent total energy from carbohydrates increased as the proportion of energy from added sugars increased from less than 5% total energy to 25% or greater (PϽ .001 for linear trend for both) ( Table 1 ). Intake of added sugars was negatively correlated with percent total energy from total, polyunsaturated, monounsaturated, and saturated fats; protein; fiber; and cholesterol (PϽ .001 for linear trend for all).
In the linear regression models we found no significant modification by sex for HDL-C level (P = .14), logtransformed triglyceride level (P=.89), or ratio of triglycerides to HDL-C (P = .93), but we did find that sex significantly modifies the correlation of added sugars and LDL-C levels (P=.01). Adjusted mean HDL-C levels were lower among respondents consuming higher amounts of added sugars: 58.7 (95% CI, 57.4-60.0) mg/dL among those consuming less than 5% energy from added sugars, 57.5 (95% CI, 56.5-58.4) mg/dL among those consuming 5% to less than 10%, 53.7 (95% CI, 53.0-54.4) mg/dL among those consuming 10% to less than 17.5%, 51.0 (95% CI, 50.1-51.9) mg/dL among those consuming 17.5% to less than 25%, and 47.7 (95% CI, 46.7-48.8) mg/dL among those consuming 25% or greater (P Ͻ .001 for linear trend) (FIGURE 1).
Geometric mean triglyceride levels were 105 (95% CI, 100-109) mg/dL among respondents consuming less than 5% energy from added sugars, 102 (95% CI, 98-106) mg/dL among those consuming 5% to less than 10%, 111 (95% CI, 108-114) mg/dL among those consuming 10% to less than 17.5%, 113 (95% CI, 109-117) mg/dL among those consuming 17.5% to less than 25%, and 114 (95% CI, 110-118) mg/dL among those consuming 25% or greater (P = .02 for linear trend) (FIGURE 2).
Among these same consumption groups, ratios of triglycerides to HDL-C were 2.4 (95% CI, 2.2-2.5), 2.3 (95% CI, 2.2-2.4), 2.6 (95% CI, 2.5-2.7), 2.8 (95% CI, 2.6-2.9), and 3.1 (95% CI, 2.9-3.2), respectively (P Ͻ .001 for trend) (not shown); and LDL-C levels among women were 116 (95% CI, 111-120) mg/dL, 115 (95% CI, 110-118) mg/dL, 118 (95% CI, 116-120) mg/dL, 121 (95% CI, 117-124) mg/dL, and 123 (95% CI, 1 1 8 -1 2 8 ) m g / d L , r e s p e c t i v e l y (FIGURE 3) (P =.047 for linear trend). There were no significant linear (P = .17) or nonlinear (P = .39) trends between intake of added sugars and LDL-Cs among men.
The odds of having a low HDL-C level were greater with higher consumption of added sugars (TABLE 2) . Compared with respondents consuming less than 5% energy from added sugars, the adjusted odds ratios (ORs) were 1.0 (95% CI, 0.8-1.4) among those consuming 5% to less than 10% energy from added sugars, 1.5 (95% CI, 1.2-1.9) among those consuming 10% to less than 17.5%, 1.9 (95% CI, 1.5-2.6) among those consuming 17.5% to 25%, and 3.1 (95% CI, 2.3-4.3) among those consuming 25% or greater (PϽ.001 for linear trend).
The trends in adjusted ORs with higher intake of added sugars were also positive for triglyceride levels (P=.02) and for ratio of triglycerides to HDL-C (P Ͻ .001 for linear trend) ( Table 2) . Adjusted ORs of high triglyceride levels among these same consumption groups were 0.8 (95% CI, 0.7-1.1), 1.1 (95% CI, 0.9-1.4), 1.3 (95% CI, 1.0-1.6), and 1.2 (95% CI, 0.9-1.6), respectively, compared with the reference group, and adjusted ORs of high ratio of triglycerides to HDL-C were 0.7 (95% CI, 0.5-1.0), 1.1 (95% CI, 0.8-1.4), 1.5 (95% CI, 1.1-2.0), and 1.6 (95% CI, 1.1-2.3), respectively. There was no significant trend in adjusted ORs of high LDL-C level with greater intake of added sugars.
The adjusted mean HDL-C level, geometric mean triglyceride level, and mean ratio of triglycerides to HDL-C 
Percent of Total Energy From Added Sugar Geometric Mean Triglycerides, mg/dL
Participants grouped by percentage of total energy intake from added sugar; Ͻ5% comprises the reference group. P = .02 for linear trend. Error bars indicate 95% confidence intervals. NHANES indicates National Health and Nutrition Examination Survey. To convert values to mmol/L, multiply by 0.0113. The categories 10-Ͻ17.5 and 17.5-Ͻ25 were significantly higher than the referent group at PϽ.05, and the category Ն25 was significantly higher at PϽ.01. obtained when using the mean intake of added sugars from the subsample with two 24-hour dietary recalls as the exposure were similar in magnitude (Յ10%) and in trend to those obtained in the full sample using a single 24-hour recall (linear trend: HDL-C level, P Ͻ .001; log triglyceride level, PϽ.02; ratio of triglycerides to HDL-C, PϽ.001) (not shown). Among women in the subsample there was no longer a positive linear trend in LDL-C levels with greater added sugar intake (P=.61).
COMMENT
The consumption of large amounts of added sugars, a prominent source of low-nutrient calories, is a relatively new phenomenon. It was not until the mid19th century that these sweeteners became widely available and consumption began to increase dramatically. 31 Individuals in the United States now consume a substantial proportion of their total energy as added sugars. The adults in our study consumed nearly one-sixth (15.8%) of their daily calories from added sugars. This represents a substantial increase from 1977-1978, when added sugars contributed only 10.6% of the calories consumed by adults.
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Monitoring trends in consumption and understanding the effect added sugars have on risk of cardiovascular and other diseases is critically important, because added sugars are a potentially modifiable source of calories. While it has been known for some time that carbohydrates can increase the risk of cardiovascular disease by altering lipid profiles, this knowledge has been difficult to translate effectively into improvement in dietary practices. This is likely owing to lack of data identifying clear points for consumption limits and because carbohydrates and sugars are found in a wide variety of foods ranging from fruits, vegetables, and whole grains to soft drinks. Unlike most other carbohydrates, added sugars alone contribute no nutrients other than energy. Added sugars are food additives that can be recognized by consumers and have been proposed for specific labeling on food and beverage packaging. The results of our study demonstrate that increased added sugars are associated with important cardiovascular disease risk factors, including lower HDL-C levels, higher triglyceride levels, and higher ratios of triglycerides to HDL-C. The mechanism through which the dysmetabolic effects of carbohydrates occur is not completely understood. Studies suggest that these effects could be mediated by fructose, a monosaccharide found in large quantities in nearly all added sugars. Fructose has been shown to increase de novo lipogenesis in the liver, hepatic triglyceride synthesis, and secretion of very lowdensity lipoproteins. Fructose also appears to decrease the peripheral clearance of lipids. 14 Our results support the importance of dietary guidelines that encourage consumers to limit their intake of added sugars. The 2005 US Dietary Guidelines do not provide a quantified intake guideline for added sugars, suggesting only that consumers "choose and prepare foods and beverages with little added sugars or caloric sweeteners." The new Food Guide Pyramid (the federal nutrition education tool designed to translate the US Dietary Guidelines into kinds and amounts of food to eat each day) includes calories consumed as added sugars as part of "discretionary calories," ie, those not required to meet nutrient needs. Most discretionary calorie allowances are small (between 100 and 300 calories), especially for individuals who are not physically active-a level of added sugars substantially lower than that currently consumed by adults in the United States. New guidelines from the American Heart Association encourage adults to limit added sugars more than any of the previously issued guidelines. [12] [13] [14] Women are advised to limit their added sugars to fewer than 100 calories daily and men to fewer than 150 calories daily (approximately 5% of total energy intake).
Recommendations to reduce cardiovascular disease risk have long promoted a diet low in fat and cholesterol to lower levels of serum total cholesterol and LDL-C. 33, 34 Possibly as a result, the consumption of added fats and oils appears to have decreased, and intakes of refined carbohydrates appear to have increased. 35 While the overall effect of these dietary trends is unclear, there is a need to review the dietary recommendations to see how they influence intake of added sugars and to develop further understanding of the role different carbohydrates and sugars play in increasing risk of chronic disease.
Our study has several important strengths. First, we used nationally representative data and, to our knowledge, this is the first study to assess the association between intake of added sugar and lipid measures among US adults. Second, we were able to control for several important confounding variables, including BMI, physical activity, total energy intake, and other dietary components. Third, the use of trained staff following standardized protocols to measure height and weight and collect laboratory and interview data increases the accuracy and validity of the data collected.
Our study also has some limitations. A single 24-hour dietary recall was used to assess diet and may not represent the usual diet of respondents. Compared with food frequency questionnaires, 24-hour recalls provide greater detail on the types and amounts of food eaten, but the inability to measure within-person variability can cause misclassification. 36 The similarity between the results in the subsample analysis using the mean of 2 dietary recalls and those obtained in the full sample with a single dietary recall suggests that the effect of misclassification attributable to unmeasured variability was limited in our study. While underreporting of certain foods high in sugar, such as sodas and sweets, may occur more frequently among some groups also at increased risk of dyslipidemia, such as groups comprising overweight or obese individuals, 37 systematic misclassification of this type would be expected to bias our findings toward the null. In addition, studies that use a cross-sectional design such as ours are limited in that exposures and outcomes are measured at the same time. As a result, our data can be used only to assess associations. They cannot be used to determine causality or even to assess directionality or temporality of the associations observed.
In conclusion, higher consumption of added sugars is associated with several important measures of dyslipidemia, an important risk factor for cardiovascular disease among US adults. Although long-term trials to study the effect of reducing added sugars and other carbohydrates on lipid profiles are needed, our data support dietary guidelines that target a reduction in consumption of added sugar.
